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Inhibitors of Dipeptidyl Peptidase IV 

The present invention relates to a series of novel compounds that are inhibitors of the 
enzyme dipeptidyl peptidase IV, to pharmaceutical compositions comprising these 
inhibitors, and the use of such compositions in the treatment of human diseases. 

Background 

The enzyme dipeptidyl peptidase IV, herein abbreviated DP-IV (and elsewhere as DAP-IV 
or DPP-IV) and also known by the classification EC.3.4.14.5, is a serine protease that 
cleaves the N-terminal dipeptide from peptides that begin with the sequence H-Xaa-Pro 
(where Xaa is any amino add, although preferably a lipophilic one, and Pro is proline). It 
will also accept as substrates peptides that begin with the sequence H-Xaa-Ala (where Ala 
is alanine). DP-IV was first identified as a membrane-bound protein. More recently a 
soluble form has been identified. 

Initial interest in DP-IV focussed on its role in the activation of T lymphocytes. DP-IV is 
identical to the T cell protein CD26. It was proposed that inhibitors of DP-IV would be 
capable of modulating T cell responsiveness, and so could be developed as novel 
immunomodulators. It was further suggested that CD26 was a necessary co-receptor for 
HIV, and thus that DP-IV inhibitors could be useful in the treatment of AIDS. 

Attention was given to the role of DP-IV outside the immune system. It was recognised 
that DP-IV has a key role in the degradation of several peptide hormones, including growth 
hormone releasing hormone (GHRH) and glucagon-like peptide-1 and -2 (GLP-1 and 
GLP-2). Since GLP-1 is known to have a potentiating effect on the action of insulin in the 
control of post-prandial blood glucose levels it is clear that DP-IV inhibitors might also be 
usefully employed in the treatment of type II diabetes and impaired glucose tolerance. At 
least two DP-IV inhibitors are currently undergoing clinical trials to explore this possibility. 

Several groups have disclosed inhibitors of DP-IV. While some leads have been found 
from random screening programs, the majority of the work in this field has been directed 
towards the investigation of substrate analogs. Inhibitors of DP-IV that are substrate 
analogs are disclosed in, for example, US 5,462,928, US 5,543,396, WO95/15309 
(equivalent to US 5,939,560 and EP 0731789), W098/19998 (equivalent to US 6,011,155), 
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W099/46272 and W099/61431. The most potent inhibitors are aminoacyl pyrrolidine 
boronic acids, but these are unstable and tend to cyclise, while the more stable pyrrolidine 
and thiazolidine derivatives have a lower affinity for the enzyme and so would require large 
doses in a clinical situation. Pyrrolidine nitriles appear to offer a good compromise since 
they have both a high affinity for the enzyme and a reasonably brig half-life in solution as 
the free base. There remains, however, a need for inhibitors of DP-IV with improved 
properties. 

Brief Description of the Invention 

The present invention relates to a series of inhibitors of DP-IV with improved affinity for the 
enzyme. The compounds can be used for the treatment of a number of human diseases, 
including impaired glucose tolerance and type II diabetes. Accordingly, the invention 
further relates to the use of the compounds in the preparation of pharmaceutical 
compositions, to such compositions perse, and to the use of such compositions in human 
therapy. The compounds of the invention are described by general formula 1 . 



In general formula 1, R 1 is either H or CN, X 1 is S, O, S0 2 or CH 2( X 2 is a carbonyl group, 
CH 2 or is absent, n is 1-5, and Het is an optionally substituted aromatic nitrogen-containing 
heterocycle. 

Detailed Description of the Invention 

In a first aspect, the present invention comprises a series of novel compounds that are 
inhibitors of the enzyme DP-IV and are useful for the treatment of certain human diseases. 
The compounds are described by general formula 1. 



Het 




O 



2 
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X 2 

In this general formula, R 1 represents either a hydrogen atom or a nitrile group (-ON). X 1 
represents a sulphur atom, an oxygen atom, a sulphonyl group (-SO r ) or a methylene 
group (-CH2-). X 2 represents either a carbonyl group (>C=0), a methylene group (-CH r ) 
or a covalent bond. The variable n can have any integral value between 1 and 5. Het 
represents an aromatic nitrogen-containing heterocycle selected from pyridyl, pyridazinyl, 
pyrimidinyl, pyrazinyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl and 
benz-fused analogues thereof, such as quinolinyl, isoquinolinyl, cinnolinyl, phthalazinyl, 
quinazolinyl, quinoxalinyl, benzimidazolyl, indazolyl, benzothiazolyl, benzisothiazolyl, 
benzoxazolyl and benzisoxazolyl. This heterocycle may optionally be substituted on one 
or more carbon atoms. Suitable substituents-are lower alkyl, hydroxy, lower alkyloxy, 
amino, lower alkylamino, di(lower alkyl)amino, fluoro, chloro, bromo, nitro, trifluoromethyl, 
cyano, carboxy and lower alkyloxycarbonyl groups. 

In the context of the present disclosure, the term lower alkyl, either by itself or in such 
combinations as lower alkyloxy, is intended to comprise linear, branched and cyclic 
saturated hydrocarbon groups of between one and six carbon atoms. Examples of lower 
alkyl groups include, but are not limited to, methyl, ethyl, isopropyl, tert-butyl, neopentyl, 
cyclohexyl, cyclopentylmethyi, 2-(cyclopropyl)ethyl, 3,3-dimethylcyclobutyl and 
bicyc!o[3.1.0]hexyL 

The compounds of general formula 1 have at least one stereogenic centre and so can 
exhibit optical isomerism. All such isomers, including enantiomers, diastereomers and 
epimers are included within the scope of the invention. Furthermore, the invention 
includes such compounds as single isomers and as mixtures, including racemates. 
Certain compounds according to general formula 1, including those in which the Het group 
carries a hydroxy or amino substituent, can exist as tautomers. These tautomers, either 
separately or as mixtures, are also considered to be within the scope of the invention. 

The compounds according to general formula 1 have at least one basic functional group. 

They can therefore form addition salts with acids. Those addition salts that are formed 
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with pharmaceutically acceptable acids are included within the scope of the invention. 
Examples of suitable acids include acetic acid, trifluoroacetic acid, citric acid, fumaric acid, 
benzoic acid , pamoic acid, methanesulphonic acid, hydrochloric acid, nitric acid, sulphuric 
acid, phosphoric add and the like. 

Certain compounds according to general formula 1 have an acidic group and so are able 
to form salts with bases. Examples of such salts include the sodium, potassium and 
calcium salts, which are formed by the reaction of the acid with the corresponding metal 
hydroxide, oxide, carbonate or bicarbonate. Similarly, tetra-alkyl ammonium salts may be 
formed by the reaction of the acid with a tetra-alkyi ammonium hydroxide. Primary, 
secondary and tertiary amines, such as triethylamine, can form addition salts with the acid. 
A particular case of this would be an internal addition salt formed between an acidic group 
and the primary amine group of the same molecule, which is also called a zwitterion. 
Insofar as they are pharmaceutically acceptable, all these salts are included within the 
scope of the invention. 

In a preferred embodiment of the invention R 1 is a nitrite group. Within this embodiment, it 
is preferred that the stereochemistry of the nitrite group is as shown in general formula 2. 

Het /X "NH 

«?H 2 ) n f~K 2 

H * N if \ 
0 CN 

According to the standard terminology, this is the S configuration when X 1 is methylene but 
the R configuration when X 1 is sulphur, oxygen or sulphonyl. 

In another preferred embodiment, the stereochemistry at the centre adjacent to the primary 
amine is the S configuration as shown in general formula 3. 
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Within this embodiment, it is more preferred that R 1 should be a nitrile group, and more 
preferred still that it should have the absolute configuration depicted in general formula 4. 



In another preferred embodiment of the invention, X 1 is a sulphur atom or a methylene 
group. 

In another preferred embodiment of the invention, n is 3 or 4. 
Particularly preferred compounds within the invention include: 
(2S)-1-[AT-(Pyrazinyl-2^rbonyl)-L-omithinyl]pynolidine-2^rbonitrile, 

(2S)-1 -[/V*-(PyrazinyI-2^ 

(2S)-1 -[(^S^'-AmincMXpyraziny^ 

(4/?)-3-[A/ m -(Pyra2inyl-2-carbonyl)-L-lysinynthia2olidine^-carbonitrile l 

1-[Ar-(Pyrazinyl-2-carbonyl)-L-omithinyl]pynrolidine ? 

3-tAT-(2-Chloropyridyl-3-carbonyl)-L-omrthinyI]thiazolidine l 

1-tA/ tD -(2-Chloropyridyk3-carbonyl)-L-omithinyl]pyrrolidine ) 

(2S)-1 -[AT-^-Chloropyri 

S-fN^fPyrazinyl^-carbonyO-L-ornithinylJthiazolidine, 
3-tN a> -(5-Cyano-2«pyridyl)-L-lysinyl]thiazolidine 1 



Het 
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(2SH -[AP-(5-Cyano-2-pyri^ 

(2S)-1-[A/°-(5-Tnfluoromethyl-2-pyridyI)-L-ornithinyl3pyrrol^ 

3-[A/ a> -(2-Quinolinylmethyl)-L«lysinyl]thiazolidine t 

3-[A/ ro -(2-QuinoIinylmethyi)-L-ornithinyI]thiazoIidine t 

3-[/\T B -(2-Quinoxaloyl)-L-lysiny0thiazoIidine f 

3-[A/ m -(2-Quinoxaloyl)-L-ornithinyllthiazolidine ( 
(2S)-1-[/\r-(2-Quinoxaioy!)-L-omithinyI]pynx)lidine-2-c^ 

3-[AT-(6-Methylpyrazinyl-2^rbonyi)-L^mithinyl]thiazolidine ( 

S-tA/^-CIsoquinoline-S-carbonyl^L-ornithinylJthiazoIidine, and 

3-[Ar-(6-Trifluoromethyinicotinoyl)-LH3rnithinyI]thiazoIidine. 

In a second aspect, the present invention comprises a pharmaceutical composition for 
human therapeutic use. The composition is characterised in that it has, as an active 
agent, at least one of the compounds described above. Such a composition is useful in 
the treatment of human diseases. The composition will generally include one or more 
additional components selected from pharmaceutical^ acceptable excipients and 
pharmaceutical^ active agents other than those of the present invention. 

The composition may be presented as a solid or liquid formulation, depending on the 
intended route of administration. Examples of solid formulations include pills, tablets, 
capsules and powders for oral administration, suppositories for rectal or vaginal 
administration, powders for nasal or pulmonary administration, and patches for 
transdermal or transmucosal (such as buccal) administration. Examples of liquid 
formulations include solutions and suspensions for intravenous, subcutaneous or 
intramuscular injection and oral, nasal or pulmonary administration. A particularly 
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preferred presentation is a tablet for oral administration. Another preferred presentation, 
particularly for emergency and critical care, is a sterile solution for intravenous injection. 

The composition comprises at least one compound according to the preceding description. 
The composition may contain more than one such compound, but in general it is preferred 
that it should comprise only one. The amount of the compound used in the composition 
will be such that the total daily dose of the active agent can be administered in one to four 
convenient dose units. For example, the composition can be a tablet containing an 
amount of compound equal to the total daily dose necessary, said tablet to be taken once 
per day. Alternatively, the tablet can contain half (or one third, or one quarter) of the daily 
dose, to be taken twice (or three or four times) per day. Such a tablet can also be scored 
to facilitate divided dosing, so that, for example, a tablet comprising a full daily dose can be 
broken into half and administered in two portions. Preferably, a tablet or other unit dosage 
form will contain between 0.1mg and 1g of active compound. More preferably, it will 
contain between 1 mg and 250mg. 

The composition will generally include one or more excipients selected from those that are 
recognised as being pharmaceutically acceptable. Suitable excipients include, but are not 
limited to, bulking agents, binding agents, diluents, solvents, preservatives and flavouring 
agents. Agents that modify the release characteristics of the composition, such as 
polymers that selectively dissolve in the intestine ("enteric coatings") are also considered in 
the context of the present invention, to be suitable excipients. 

The composition may comprise, in addition to the compound of the invention, a second 
pharmaceutically active agent. For example, the composition may include an anti-diabetic 
agent, a growth-promoting agent, an anti-inflammatory agent or an antiviral agent. 
However, it is generally preferred that the composition comprise only one active agent. 

In a third aspect, the invention comprises a use for the compounds and compositions 
described above for the treatment of human diseases. This aspect can equally be 
considered to comprise a method of treatment for such diseases. The diseases 
susceptible to treatment are those wherein an inhibition of DP-IV or CD26 results in a 
clinical benefit either directly or indirectly. Direct effects include the blockade of T 
lymphocyte activation. Indirect effects include the potentiation of peptide hormone activity 
by preventing the degradation of these hormones. Examples of diseases include, but are 
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not limited to, auto-immune and inflammatory diseases such as inflammatory bowel 
disease and rheumatoid arthritis, growth hormone deficiency leading to short stature, 
polycystic ovary syndrome, impaired glucose tolerance and type 2 diabetes. Particularly 
preferred is the use of the compounds and compositions for the treatment of impaired 
glucose tolerance and type 2 diabetes, and equally a method of treatment of these 
diseases by the administration of an effective amount of a compound or composition as 
previously described. 

The precise details of the treatment, including the dosing regimen, will be established by 
the attending physician taking into account the general profile of the patient and the 
severity of the disease. For diseases such as inflammatory bowel disease that have 
acute phases of active disease separated by quiescent periods, the physician may select a 
relatively high dose during the acute phase and a lower maintenance dose for the 
quiescent period. For chronic diseases such as type 2 diabetes and impaired glucose 
tolerance, the dosing may need to be maintained at the same level for an extended period. 
A dosing schedule of one to four tablets per day, each comprising between 0.1 mg and 1g 
(and preferably between 1mg and 250mg) of active compound might be typical in such a 



The compounds according to the invention can be prepared by methods known in the art. 
The route chosen will depend on the particular nature of the substituents present in the 
target molecule. The starting material will usually be an a,e>-diamino acid derivative 5. 



PG 1 and PG 2 are "orthogonal" protecting groups - groups that mask the reactivity of the 
amine groups and that can each be selectively removed in the presence of the other. 
Suitable groups are well known in the literature. Derivatives of diamino acids according to 
general formula 5 are either items of commerce, or are described in the literature, for all 
values of n in the range 1 to 5 and for both the R and the S stereoisomer. 



case. 



NH 




5 
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For some synthetic strategies, it is preferable to start with an ester of the above diamino 
acid, such as the benzyl, methyl or tert-butyl ester. The ester will be chosen such that it is 
not hydrolysed by reagents that can cleave PG 1 or PG 2 . 

Starting from 5, it is necessary to elaborate the acid function into the pyrrolidine amide 
derivative of the target molecule, and to elaborate the eo-amine function into the desired 
heteroaryl derivative. The order in which these two steps are performed is not necessarily 
important. 

Scheme A 




The diamino acid derivative 5 can be reacted with a pyrrolidine derivative 6 to give the 
amide 7. Reaction conditions for achieving this transformation are well known in the 
literature. Suitable reagents include carbodiimides, phosphorus reagents and alkyl 
chloroformates, and the reaction is usually catalysed by a tertiary amine such as 
triethylamine or dimethylaminopyridine. 

The reaction depicted in Scheme A is available for all combinations of R 1 and X 1 . 
However, for the case where R 1 is a nitrile group, or where X 1 is a sulphonyl group, it may 
be advantageous to modify the strategy as depicted in Schemes B and C. 

Scheme B 



5 + 




7* 

9 



WO 01/81337 



PCT/GB01/01875 



Scheme C 



5 + 




(?H 2 ) n r-\ 



6C 7 C 9 C 

In Scheme B, the R 1 group is introduced as a primary amide and subsequently 
transformed into a nitrile by the action of a dehydrating agent such as trifluoroacetic 
anhydride. In Scheme C, the X 1 group is introduced as a thioether and subsequently 
transformed into a sulphone by the action of an oxidant such as sodium periodate. 



Scheme D 

NH 2 
(CH 2 ) n 

o 

50 10 11 

In Scheme D, compound 5 D is the diamino acid derivative 5 after removal of the a>- 
protecting group. Y may represent OH, but more usually will represent the pyrrolidine ring 
or the O-alkyl group of an ester. The free amine group is reacted with a heteroaryl 
carbonyl chloride to produce an amide 11, which incorporates the functionality of the 
compounds of the invention wherein X 2 is a carbonyl group. Heteroaryl carbonyl chlorides 
are easily prepared from the corresponding carboxylic acids, which are well known 
compounds. The reaction of scheme D is generally applicable to all the variations of the 
group Het, with the proviso that certain substituents on Het may require protection. Such 
groups and the appropriate protection will generally be obvious to those familiar with the 
art. 
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When X 2 is a covalent bond, it may still be possible to obtain the target functionality from 
the amine 5 D by direct reaction with a heteroaryl chloride or fluoride. In some cases, the 
heteroaryl chloride or fluoride may not be easily accessible, or may not be sufficiently 
reactive, and it will then be necessary to use an alternative route, such as a reductive 
amination. This is illustrated in Scheme E. 



Scheme E 



HO 



PG 



2 I Y + Het— NH 2 



NaBH 3 CN 



Het. 



NH 

«k)n 



PG, 




12 13 14 

Reductive amination is also the method of choice when X 2 is a methylene group. In this 
case, there are two options, as illustrated in Scheme R 



Scheme F 



pg: 



CHO 



+ Her^NH, 



12 



or 




15 



Het— CHO 



NaBH,CN 




16 



17 



18 



When all the groups have been elaborated the final protecting group is removed and the 
product is isolated and purified using standard techniques. 

n 
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These general methods are further illustrated in the following, non-limiting examples. 

EXAMPLES 

Abbreviations 

The following abbreviations have been used. 

DMF N.N-Dimethyformamide 

h Hour(s) 

hplc High pressure liquid chromatography 

min Minute(s) 

pet. ether Petroleum ether fraction boiling at 60-80°C 

PyBOP® (Benzotriazol-l-yloxy)tripyrrolidinophosphonium hexafluorophosphate 

PyBroP® Bromotripyrrolidinophosphonium hexafluorophosphate 

TFA Trifluoroacetic acid 



EXAMPLE 1 

(2S)-1 -[WMPyrazinyl-2^arbo^^ 
trifluoroacetate 




A. N-(2-Nitrobenzenesulphenyl)-L-proline 

l_.p r0 |j ne (25g, 217mmol) was dissolved in 2M NaOH (110mL, 220mmol) and dioxan 
(120mL). A solution of 2-nitrobenzenesulphenyl chloride (42g, 222mmoI) in dioxan 
(60mL) was slowly added at the same time as 2M NaOH (1 10mL, 220mmol). After 2h at 
room temperature the reaction mixture was poured into water (500mL) and the solid 
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filtered off. The pH of the filtrate was adjusted to pH3 with 2M HCI and the solution was 
extracted with ethyl acetate (3 x 500mL). The combined organic extracts were washed 
with water (4 x 200mL) and brine (1 x 200mL), dried (Na 2 S0 4 ) and evaporated in vacuo to 
give an orange solid identified as A/-(2-nitrobenzenesuiphenyl)-L-proline (58.1g, 2Mmmol 
100%). 

B. Af-(2-Nitrobenzenesulphenyl)-L-proline succinimidyl ester 

/V-(2-NitrobenzenesulphenyI)-L-proline (57.9g, 216mmol) was dissolved in CH 2 CyDMF 
(9:1, SOOmL). N-Hydroxysuccinimide (37.3g, 324mmol) and water-soluble carbodiimide 
(51. 8g, 260mmol) were added. After 18h at room temperature the solvent was removed 
in vacuo and the residue was taken up in ethyl acetate (1000mL). The solution was 
washed with water (4 x 200mL) and brine (1 x 200mL), dried (Na 2 S0 4 ) and evaporated in 
vacuo to give a yellow solid identified as A/-(2-nitrobenzenesulphenyl)-L-proIine 
succinimidyl ester (78.9g, 216mmol, 100%). 

C. W-(2-Nitrobenzenesulphenyl)-L-prolinamide 

/V-(2-Nitrobenzenesulphenyl)-L-proiine succinimidyl ester (78.5g, 215mmol) was dissolved 
in dioxan (SOOmL). Ammonia (35%, 100mL) was added. After stirring at room 
temperature for 2h the reaction mixture was poured into water (700mL). The precipitate 
was filtered off, washed with water (200mL), dried over P 2 0 5 and recrystallised from ethyl 
acetate/pet ether to give a yellow solid identified as A/-(2-nitrobenzenesulphenyl)-L- 
prolinamide (49.6g, 185mmol, 86%). 

D. (2S)-Af-(2-Nitrobenzenesulphenyl)pyrrolidine-2-carbonitrile 

A^(2-Nitrobenzenesulphenyl)-L-proIinamide (49g, 183mmol) was dissolved in dry 
THF(300mL). The solution was cooled to 0°C, triethylamine (36.7g, 367mmol) was added 
followed by the slow addition of trifluoroacetic anhydride (77g, 367mmol). The pH was 
adjusted to pH9 with triethylamine. After 30min the reaction mixture was diluted with ethyl 
acetate (500mL), washed with water (1 x 200mL) and brine (1 x 200mL), dried (NazSO^ 
and evaporated in vacuo to give an orange oil which was purified by flash chromatography 
(eluant: 80% pet ether, 20% ethyl acetate) to give a yellow solid identified as (2S)-A/-(2- 
nitrobenzenesulphenyl)pyrrolidine-2-carbonitrile (38.9g, ISOmmol, 82%). 
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E. (2S)-PyrroIidine-2-carbonitrile hydrochloride 

(2S)-A/-(2-NitrobenzenesulphenyI)pyrroiidine-2-carbonitrile (38.5g, 149mmol) was 
dissolved in diethyl ether (200mL). 4M HCI/Dioxan (150mL, 600mmol) was slowly added. 
After 2h at room temperature the reaction mixture was poured into diethyl ether (1000mL). 
The solid was filtered off, washed with diethyl ether (500mL) and recrystallised from 
methanol/diethyl ether to give a white solid identified as (2S)-pyrrolidine-2-carbonitriIe 
hydrochloride (18.9g, 142.5mmol, 96%). 

F. (2S)-1-[AP^erf-Butyloxycarbo^ 
pyrrolidine-2-carbonitrile. 

Ar-(ferf-Butyloxycarbonyl)-AT-(pyrazinyl-2^rbonyl)-L^mithine (2.5g f 7.4mmol) was 
dissolved in CH 2 CI 2 (50mL). This solution was cooled to 0°C. (2S)-pyrrolidine^2- 
carbonitrile hydrochloride (1.2g, 9.1mmol) and PyBOP® (4.3g, 8,23mmol) were added, and 
the pH adjusted to pH9 with triethylamine. After 18h at 0°C to room temperature the 
solvent was removed in vacuo and the residue was taken up in ethyl acetate (200mL). 
This solution was washed with 0.3M KHSQ 4 (2 x 50mL), sat. NaHC0 3 (2 x 50mL), water (2 
x 50mL) and brine (1 x 50mL), dried (Na 2 S0 4 ) and evaporated in vacuo to give a yellow oil. 
This was purified by flash chromatography (eluant: 80% ethyl acetate, 20% pet. ether) to 
give a colourless oil identified as (2S)-1-[A/ a -(feAf-butyloxycarbonyl)-A/ a> -{pyrazinyl-2- 
carbonyl)-L-ornithinyl]pyrrolidine-2-carbonitrile (2.98g, 7.16mmol, 97%). 

G. (2Sj-l -[AP-(pyrazinyl-2-carbonyl^^ 
trifluoroacetate 

(2S)-1-[A/ a -ferf-Butyloxy(^rbonyl"A/ ro -(pyra2inyl-2-carbo^ 

carbonrtrile (2.8g, 6.7mmol) was dissolved in trifluoroacetic acid (5mL). After 1h at room 
temperature the solvent was removed in vacuo. The residue was purified by preparative 
hplc (Vydac C18 t 5 to 50% 0.1% TFA/acetonitrile into 0.1% TFA/water over 40min at 
3mL/min). Fractions containing the product were lyophilised to give a colourless oil 
identified as ^SM-IA/^pyrazinyl-^^ 
trifluoroacetate (1 .5g, 3.48mmol, 52%). 

[M+H] + = 317.3 
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EXAMPLE 2 

(2S)-1-[// D -(Pyrazinyl-2^arbonyl)-L-lysiny0pyrroIidine-2^arboniW trifluoroacetate 



A. (Ar^teff-Butyloxycarbonyl)-Ar-(9-fluorenylmethyloxycarbonyl)-L-lysin^ 
prolinamide 

AT-(ferf-Butyloxyrarbo^ (5g. 10.7mmol) was 

dissolved in CH 2 CI 2 (100mL). The solution was cooled to 0°C, L-prolinamide (1.78g, 
11.7mmol) and PyBOP® (6.7g, 12.8mmol) were added, and the pH adjusted to pH9 with 
triethylamine. After 18h at 0°C to room temperature the solvent was removed in vacuo 
and the residue was taken up in ethyl acetate (200mL). The solution was washed with 
0.3M KHSO4 (2 x 50mL), sat. NaHC0 3 (2 x 50mL), water (2 x 50mL) and brine (1 x 50mL), 
dried (Na2S0 4 ) and evaporated in vacuo. The residue was purified by flash 
chromatography (eluant: 2% methanol, 98% chloroform) to give a colourless oil identified 
as (AP^terrtutybxyca^^ 
(4.05g, 7.2mmol, 67%). 

B. (2SM-(WM<erf«Butyloxycarb^ 
pyrrolidine-2-carbonitrile 

(AP-tferf-Butyfoxyrait^ 

(3.95g, 7.02mmol) was dissolved in dry THF (100mL). The solution was cooled to 0°C, 
triethylamine (1.4g, 14mmol) was added followed by the slow addition of trifluoroacetic 
anhydride (2.97g, 14.1 mmol). The pH was adjusted to pH9 with triethylamine. After 
30min the reaction mixture was diluted with ethyl acetate (100mL), washed with water (1 x 
50mL) and brine (1 x 50mL). dried (Na2S0 4 ) and evaporated in vacuo to give an orange 
oil. The residue was purified by flash chromatography (eluant: 60% pet ether, 40% ethyl 
acetate) to give a colourless oil identified as ^SH-fWMterf-butyloxycarbon 
fluorenylmethyloxycarisonyl)-L-lysinyl)pyr^ (3.3g, 6.11 mmol, 87%).. 




H 2 N 



CN 
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C. (2S)-1-(A/ a -{ferf-Butyloxycarbonyl)-L-lysinyl)pyrrolidine-2-carbon^ 

(2SM -(/^-(ferf-Buty loxyra 

2-carbonitrile (3.1 g, 5.7mmoI) was dissolved in THF (80mL). Diethylamine (20mL) was 
added. After 2h at room temperature the solvent was removed in vacuo. The residue 
was purified by flash chromatography (eluant: 90% chloroform, 7% methanol, 3% 
triethylamine) to give a colourless oil identified as (2S)-1-(A/ a -(fe/t-butyloxycarbonyl)-L- 
lysinyl)pyrrolidine-2-carbonitrile (1.63g f 5.03mmol, 89%). 

D. (2SM-(//Mferf-Butyloxy^ 
2-carbonitrile 

(2S)-1-(A/ a -(ferf-Butyloxy(^*onyl)-L-lysinyl)pyrrolidine-2-^ (1 OOmg, 0.31 mmol) 

was dissolved in CHzCfe/DMF (9:1, 20mL). To this solution at 0°C was added. 
1-hydroxybenzotriazole hydrate (84mg, 0.62mmol) f water-soluble carbodiimide (76mg, 
0.38mmol), 2-pyrazinecarboxylic acid (43mg f 0.35mmol) and triethylamine (65mg, 
0.65mmol). After 1 8h at 0°C to room temperature the solvent was removed in vacuo and 
the residue was taken up in ethyl acetate (70mL). This solution was washed with 0.3M 
KHS0 4 (2 x 20mL) f sat NaHC0 3 (2 x 20mL), water (2 x 20mL) and brine (1 x 20mL), dried 
(Na2S0 4 ) and evaporated in vacuo to give a yellow oil. The residue was purified by flash 
chromatography (eluant: 2% methanol, 98% chloroform) to give a colourless oil identified 
as (2S)-1-(AT-(ferf-butyloxycarb^^ 
carbonitrile (124mg f 0.29mmol, 93%). 

E. (2S)-1 -[Ar-(Pyrazinyl-2-carbonyl)-L-lysiny l]pynro!idine-2-carbon"rtrile 
trifluoroacetate 

(2S>-1-(A/ a -(fe/^Butyloxycarbonyl)-AT-(pyrazinyl-2-rarb 

carbonitrile (110mg, 0.26mmol) was dissolved in trifluoroacetic acid (5mL). After 1h at 
room temperature the solvent was removed in vacuo. The residue was purified by 
preparative hplc (Vydac C18, 5 to 50% 0.1% TFA/acetonitrile into 0.1% TFA/water over 
40min at 3mL/min). Fractions containing the product were lyophilised to give a colourless 
oil identified as (2S)-1-[A/°-(pyrazinyl-2 
trifluoroacetate (66mg). 

[M+H] + = 331.1 
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EXAMPLE 3 

(4R)-3-[W°-(Pyrazinyl-2-carbonyl)-L^ 




A. (4R)-3-{feit-Butyloxycarbonyl)thiazollcline-4-carboxamide 

(4R)-3-(ferf-Butyloxycarbonyl)thiazoIidine-4-carboxylic acid (12.5g,54.1mmol) was 
dissolved in CH 2 CI 2 /DMF (9:1, 150mL). To this solution at 0°C was added 
1-hydroxybenzotriazole hydrate (14.6g, 108mmol) and water-soluble carbodiimide (13.0g, 
65mmol). After 1h at 0°C ammonia (35%, 50mL) was added. After 18h at 0°C to room 
temperature the solvent was removed in vacuo and the residue was taken up in ethyl 
acetate (500mL). The solution was washed with 0.3M KHSO„ (2 x 100mL), sat. NaHC0 3 
(2 x 100mL), water (2 x 100mL) and brine (1 x 100mL), dried (Na 2 S0 4 ) and evaporated in 
vacuo to give a yellow oil. The residue was purified by flash chromatography (eluant: 2% 
methanol, 98% chloroform) to give a colourless oil identified as (4R)-3-(tert- 
butyloxycarbonyl)thiazolidine-4-carboxamide (8.9g, 38.4mmol, 71%). 

B. (4/?)-Thiazolidine-4-carboxamide hydrochloride 

(4S)-3-(te/t-Butyloxycarbonyl)thiazolidine-4-carboxamide (8.6g, 37.1 mmol) was dissolved 
in 4M HCI/dioxan (50mL). After 1h at room temperature the solvent was evaporated in 
vacuo to give a white solid identified as (4RHhiaz°lidine-4-carboxamide hydrochloride 
(6.2g, 36.8mmol, 99%). 

C. (4R)-3-[AP-(ferf^utyloxycartJonyO-^ 
thiazolidine-4-carboxamide 

^-(terf-ButyloxycarbonylVAT-tg-fluorenylmethytoxycarbonylJ-L-lysine (5g, 10.7mmol) was 
dissolved in CH 2 CI 2 (100mL). This solution was cooled to 0°C, (4R)-thiazolidine-4- 
carboxamide hydrochloride (1.78g, 11.7mmol) and PyBOP® (6.7g, 12.8mmol) were added, 
and the pH was adjusted to pH9 with triethylamine. After 18h at 0°C to room temperature 
the solvent was removed in vacuo and the residue was taken up in ethyl acetate (200mL). 
The solution was washed with 0.3M KHS0 4 (2 x 50mL), sat. NaHC0 3 (2 x 50mL), water (2 
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x 50mL) and brine (1 x 50mL), dried (Na 2 S0 4 ) and evaporated in vacuo to give a yellow oil. 
The residue was purified by flash chromatography (etuant: 2% methanol, 98% chloroform) 
to give a colourless oil identified as (4R)-3-[A/ a -(terf-butyloxycarbonyl)-A/ a> -(9- 
fluorenylmethyloxycarbonyI)-L-lysinyl]thiazolidine-4-carboxamide (2.81g, 4.8mmoI ( 44%). 

D. (4R)-34// I -(ferf-Butyloxycarbonyl)-A/ m -(9-fluorenylmethyloxycarbonyl)-L-lysi 
thiazolidine-4-carbonitriIe 

(4R)-3-[A/ a -(ferf-Butyloxycarbonyl)-W m -(9-fluorenylmethyloxyrarbon 
' 4-carboxamide (2.7g, 4.7mmol) was dissolved in dry THF (100mL). The solution was 
cooled to 0°C, triethylamine (1.0g, 10mmol) was added followed by the slow addition of 
trifluoroacetic anhydride (2.0g, 9.5mmol). The pH was adjusted to pH9 with triethylamine. 
After 30min the reaction mixture was diluted with ethyl acetate (100mL), washed with 
water (1 x 50mL) and brine (1 x 50mL), dried (NaaSO^ and evaporated in vacuo. The 
residue was purified by flash chromatography (eluant: 60% pet ether , 40% ethyl acetate) 
to give a colourless oil identified as (4R)-3-[A/ a -(fe/f-butyloxycarbonyI)-A/ tn -(9- 
fluorenylmethyloxycarbonyl)-L-lysinyl]thiazolidine-4-carbonitrile (2.14g, 3.81mmol, 82%). 

E. (4R)-3-[AP-(ferf-Butyloxycarbonyl)-L-lysinyI]thiazolidine^-carbonitrile 

(4R)-3-[W a -(fe/f-Butyloxyrarbonyl)-AT-(9-fluorenylmethyIoxycarbonyl)-L^ 
4-carbonitrile (1.9g, 3.4mmol) was dissolved in THF (40mL). Diethylamine (10mL) was 
added. After 2h at room temperature the solvent was removed in vacuo. The residue 
was purified by flash chromatography (eluant: 90% chloroform, 7% methanol, 3% 
triethylamine) to give a colourless oil identified as (4/?)-3-[A/ a -{ferf-butyloxycarbonyl)-L- 
lysinyl]thiazolidine-4-carbonrtrile (863mg, 2.5mmol, 75%). 

F. (4R)^-[W x -(ferf-Butyloxycarbonyl)-AT-(pyrazinyl-2-carbonyl)-^ 
4-carbonitrile 

(4R)-3-[A/ a -(ferf-Butyloxycarbonyl)-L-lysinyl]thiazolidine-4^rlx> (1 OOmg, 0.29mmol) 
was dissolved in CH 2 CI 2 (20mL). To this solution at 0°C 2-pyrazinecarboxyIic acid (43mg, 
0.35mmol) and PyBOP® (170mg, 0.33mmol) were added and the pH was adjusted to pH9 
with triethylamine. After 18h at 0°C to room temperature the solvent was removed in 
vacuo and the residue was taken up in ethyl acetate (70mL). The solution was washed 
with 0.3M KHS0 4 (2 x 20mL), sat. NaHC0 3 (2 x 20mL), water (2 x 20mL) and brine (1 x 
20mL), dried (Na 2 S0 4 ) and evaporated in vacuo. The residue was purified by flash 
chromatography (eluant: 2% methanol, 98% chloroform) to give a colourless oil identified 
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as (4/?)-3-[A/ a -(te/^butyloxycarbonyI)-AT-(pyrazinyl-2^rbonyl^ 
carbonitrile (112mg, 0.25mmol, 86%). 

G. (4R)-34N m -(Pyrazinyl-2^rbonyO 
trifluoroacetate 

(4R)-3-[/\T-(feff-Butyloxyra^ 

carbonitrile (110mg, 0.26mmol) was dissolved in trifluoroacetic acid (5mL). After 1h at 
room temperature the solvent was removed in vacuo. The residue was purified by 
preparative hplc (Vydac C18, 5 to 50% 0.1% TFA/acetonitrile into 0.1% TFA/water over 
40min at 3mL/min). Fractions containing the product were lyophilised to give a colourless 
oil identified as (4Ry3-[N m -(pyraz\nyl-2-carbony^ 
trifluoroacetate (57mg). 

[M+Hf = 349.1 
EXAMPLE 4 

1 -[AP-(Pyrazinyl-2-carbony l)-L-ornithinyI]py rrolidine trifluoroacetate 



A. l-[Ar-(BenzyloxycarbonyI)-y/ t -(fert-butyloxycarbonyl)-L-ornlthinyl]pyTO 

AT-tBenzyloxyrarbonylJ-AP^ferf-butyloxycarbonyO-L-ornithine (5.49g, 1 Smmol) was 
dissolved in CH 2 CI 2 /DMF (9:1, 100mL). To this solution at 0°C was added 
1-hydroxybenzotriazoIe hydrate (3.37g, 22mmol) f water-soluble carbodiimide (3.46g, 
18mmol), pyrrolidine (1.28g, 18mmol) and triethylamine (200mg, 20mmol). After 18h at 
0°C to room temperature the solvent was removed in vacuo and the residue was taken up 
in ethyl acetate (200mL). The solution was washed with 0.3M KHS0 4 (2 x 50mL), sat. 
NaHC0 3 (2 x 50mL), water (2 x 50mL) and brine (1 x 50mL), dried (Na2S0 4 ) and 
evaporated in vacuo. The residue was purified by flash chromatography (eluant: 90% 
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O 



19 



WO 01/81337 PCT/GB01/01875 

ethyl acetate, 10% pet. ether) to give a colourless oil identified as 1-[/V 0> - 
(benzyloxycarbonylWVMfe^ ( 5 - 1 5 9- 1 2.3mmol, 

82%). 

B. 1 -[AF-fteff-ButyloxycarbonyO-L-ornithinyllpyrrolidine 

1^AT{Benzytaxycarbony^^ (2-15g, 
5.13mmol) was dissolved in methanol (80mL). This solution was hydrogenated over 10% 
Pd/C (400mg). After 2h the catalyst was filtered off and washed with methanol (50mL). 
The combined filtrates were evaporated in vacuo to give an off white solid identified as 1- 
t/y/°-(fe/f-butyloxycarbonyl)-L-ornithinyl]pyrrolidine (1.35g, 4.74mmol, 94%). 

C. l4/^-(terf-Butyloxycarbonyl)-AP-(pyrazinyl-2^arbonyl)-LK>rnithinyripyrrolidine 

1-[A/°-(ferf-Butyloxycarbonyl)-L-omithiny0pyrrolidine (100mg, 0.35mmol) was dissolved in 
CH 2 CI 2 (20mL). To this solution at 0°C were added PyBroP® (195mg, 0.4mmol), 2- 
pyrazinecarboxylic acid (50mg, 0.4mmol) and triethylamine (100mg, LOmmol). After 18h 
at 0°C to room temperature the solvent was removed in vacuo and the residue was taken 
up in ethyl acetate (70mL). The solution was washed with 0.3M KHSO4 (2 x 20mL), sat. 
NaHC0 3 (2 x 20mL), water (2 x 20mL) and brine (1 x 20ml_), dried (NazSO^ and 
evaporated in vacuo. The residue was purified by flash chromatography (eluant: 3% 
methanol, 97% chloroform) to give a sticky white solid identified as l-t/v^-^erf- 
butyIoxycarbonyl)-Ar-(pyrazinyl-2-carbonyl)-L-omithinyripyrrolidine (90mg, 0.25mmol, 

66%). 

D. HAT-{Pyrazinyl-2-carbonyl)-L-ornittilnyI]pyrrolidine trifluoroacetate 

1-[A/°-(fert-Butyloxyc»rbonyl)-/^ (90mg, 
0.23mmol) was dissolved in 4M HCI/dioxan (15mL). After 45min at room temperature the 
solvent was removed in vacuo. The residue was purified by preparative hplc (Vydac C18, 
5 to 50% 0.1% TFA/acetonitrile into 0.1% TFA/water over 40min at 3mL/min). Fractions 
containing the product were lyophilised to give a colourless oil identified as 1-[/V B - 
(pyrazinyl-2-carbonyl)-L-omithinyl]pyrrolidine trifluoroacetate (51 mg). 

[M+Hf = 292.1 
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EXAMPLE 5 

3-^ m -(Pyrazinyl-2^arbony!)-L-omithinyathia20lidinetrifluoroacetate 




A. 3-[AT-(ferf-Butyloxycarbonyl)-/^ 
ornithinyqthiazolidine 

AP-(fe^Butyloxycarbonyl)-/^ (2.73g, 6mmol) 

was dissolved in CH 2 C! 2 /DMF (9:1 , 100mL). To this solution at 0°C were added 
1-hydroxybenzotriazole hydrate (1.53g, 10mmol), water-soluble carbodiimide (1.34g, 
7mmoI), thiazolidine (1.28g, 18mmol) and triethylamine (80mg t 8mmol). After 18h at 0°C 
to room temperature the solvent was removed in vacuo and the residue was taken up in 
ethyl acetate (100mL). The solution was washed with 0.3M KHS0 4 (2 x 25mL), sat. 
NaHC0 3 (2 x 25mL), water (2 x 25mL) and brine (1 x 25mL), dried (NasSO^ and 
evaporated in vacuo. The residue was purified by flash chromatography (eluant: 75% 
ethyl acetate, 25% pet. ether) to give a white solid identified as S-llST-itert- 
butyloxycarbonyO-AP-^-fluo (2.55g, 
4.85mmol, 81%). 

B. 3-[//Mferf-ButyloxycaA^ 

S-IAF-tferf-Butytoxyrarbo 

(1.1 5g, 2.13mmol) was dissolved in acetonitrile (20mL). Diethylamine (5mL) was added. 
After 90min at room temperature the solvent was removed in vacuo and the residue was 
purified by flash chromatography (eluant; 90% chloroform, 7% methanol, 3% triethylamine) 
to give a pale yellow oil identified as S-tAF-tferf-butyloxyrarbonyO 
(530mg, 1.67mmol, 78%). 

C. 3-[AP«(ferf-Butytoxycarbonyl)-^ 

3-[A/ a -(ferf-Butyloxycarbonyl)-L-ornithinyI]thiazolidine (80mg, 0.27mmol) was dissolved in 
CH 2 CI 2 (20mL). To this solution at 0°C were added PyBroP® (146mg, 0.3mmol), 
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2- pyrazinecarboxylic acid (37mg, 0.3mmol) and triethylamine (90mg f 0.9mmol). After 18h 
at 0°C to room temperature the solvent was removed in vacuo and the residue was taken 
up in ethyl acetate (70mL). The solution was washed with 0.3M KHS0 4 (2 x 20mL) f sat. 
NaHC0 3 (2 x 20mL), water (2 x 20mL) and brine (1 x 20mL), dried (Na 2 S0 4 ) and 
evaporated in vacuo. The residue was purified by flash chromatography (eluant: 3% 
methanol, 97% chloroform) to give a sticky white solid identified as S-t^ferf- 
butyloxycarbonyl)-Ar-(pyrazinyl-2-carbonyl)-L-omithinyllthiazolidine (45mg, 0.1 1 mmol, 

41%). 

D. 3.[hr"(Pyrazinyl-2^arbonyl)-LK>mithinyl]thiazoHdine trifluoroacetate 

3- [AP-(te^ButyioxycarbonyI)-^ (45mg, 
0.1 1mmol) was dissolved in 4M HCI/dioxan (10mL). After 45min at room temperature the 
solvent was removed in vacuo. The residue was purified by preparative hplc (Vydac C1 8, 
5 to 50% 0.1% TFA/acetonitrile into 0.1% TFA/water over 40min at 3mL/min). Fractions 
containing the product were lyophilised to give a colourless oil identified as 3-[N m - 
(pyrazinyl-2-carbonyl)-L-ornithiny!lthiazolidine trifluoroacetate (14mg). 

[M+H] + = 310.0 
EXAMPLE 6 

(2S)-1 -[//M2^hloropyridy 1-3^ 
trifluoroacetate 



A. (2S)-1-(AP-(ferf-ButyIoxycarbonyl)-L-omithyl)pyrrolidine-2<arbonitri 

(2S)-1-(W a -(fert-Butyloxycarbonyl)-L-ornrthyl)pyrrolidine-2-carbonitrile was prepared by the 
method described for the lysine derivative in Example 2. 
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B. (2S)-1-(N a -(fert-Butyloxycarbony1)-AT^2-chloropyridyl-3<arbo 
pyrroIidine-2-carbonitriIe 

(2S)-1-(A/Mfert- Bu tyl°^^ rbo ^ (80mg, 0.26mmol) 

was dissolved in CH 2 CI 2 (20mL). To this solution was added 2-chloropyridine-3-carbonyl 
chloride (55mg, 0.32mmol) and the pH adjusted to pH9 with triethylamine. After 18h at 
room temperature the solvent was removed in vacuo and the residue was taken up in ethyl 
acetate (70mL). The solution was washed with 0.3M KHS0 4 (2 x 20mL) t sat. NaHC0 3 (2 
x 20mL), water (2 x 20mL) and brine (1 x 20mL), dried (Na2S0 4 ) and evaporated in vacuo. 
The residue was purified by flash chromatography (eluant: 95% ethyl acetate, 5% pet. 
ether) to give a colourless oil identified as (2S)-1-(AT-(ferf-butyloxy^ 
chIoropyridyl-3^rbonyl)-L-om*rthyl)py^ (60mg, 0.14mmol, 53%). 

C. (2S)-1-[AP-(2-ChloropyridyW^ 
trifluoroacetate 

(2S)-HA/ a -(ferf-Butyloxyc^rbonyl)-A/ 0 -(2-chloropyridyl-3^ 

carbonitrile (60mg, 0.14mmol) was dissolved in trifluoroacetic acid (5mL). After Ih at 
room temperature the solvent was removed in vacuo. The residue was purified by 
preparative hplc (Vydac C18, 5 to 50% 0.1% TFA/acetonitrile into 0.1% TFA/water over 
40min at 3mL/min). Fractions containing the product were lyophilised to give a white solid 
identified as ^SJ-HA/^^loropyri 
trifluoroacetate (52mg). 

[M+H] + = 350.1 

EXAMPLE 7 

1-[Ar-(2-Chloropyridyl-3-carbonyl)-L-ornithinyl]pyrrolidine hydrochloride 
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A. 1 -(//'-(fe^Butyloxycarfconyl^ 
pyrrolidine 

^(/^-(ferf-Butyloxycarbonyl^L-ornithyl) pyrrolidine (20mg, 0.069mmol) was dissolved in 
CH2CI2 (5mL). To this solution was added 2-chloropyridine-3-carbonyl chloride (14mg f 
0.076mmol) and the pH adjusted to pH9 with triethylamine. After 1 h at room temperature 
the solvent was removed in vacuo and the residue was taken up in ethyl acetate (70mL). 
The solution was washed with 0.3M KHS0 4 (2 x 20mL), sat NaHC0 3 (2 x 20mL), water (2 
x 20mL) and brine (1 x 20mL), dried (Na 2 S0 4 ) and evaporated in vacuo. The residue was 
purified by flash chromatography (eluant: 10% methanol, 90% dichloromethane) to give a 
colourless oil identified as 1-(AF-(ferf-butyloxycarbonyl^ 
omithyl)pyrrolidine (19mg, 0.045mmol, 63%). 

B. 14fir^2^hIoropyridy!-3<arbonyI)-L-ornithinyl]pyirolidine hydrochloride 

l-fA/^ferf-ButyloxycarbonyO (I9mg, 
0.045mmol) was dissolved in 4M HCI/dioxan (10mL). After 45min at room temperature 
the solvent was removed in vacuo to give a white solid identified as 1-[f/ i) -(2-chloropyridyl- 
S-carbonylH-ornfthiny'lpyrrolidine hydrochloride (15mg). 

[M+H] + = 325.1 
EXAMPLE 8 

S-I/^^-ChloropyridyW^artJonylJ-L^rnithinyQthlazolidine hydrochloride 




A. 3-(Ar-(terf-Butyloxycarbonyl)^ 
thiazolidine 

S^AT^fe/f-ButyloxycarbonylK-ornithyOthiazolidine (136mg, 0.45mmol) was dissolved in . 
CH 2 CI 2 (10mL). To this solution was added 2-chloropyridine-3-carbonyl chloride (88mg, 
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0.5mmol) and the pH adjusted to pH9 with triethylamine. After 1h at room temperature 
the solvent was removed in vacuo and the residue was taken up in ethyl acetate (70mL). 
The solution was washed with 0.3M KHS0 4 (2 x 20mL), sat. NaHC0 3 (2 x 20mL), water (2 
x 20mL) and brine (1 x 20mL), dried (Na 2 S0 4 ) and evaporated in vacuo. The residue was 
purified by flash chromatography (eluant: 1.5% methanol, 98.5% dichloromethane) to give 
a colourless oil identified as 3-(AP-(ferf-butyIoxycarbonyi)-Ar-(2-chloropyridy!-3-carbonyl)« 
L~ornithyl)thiazolidine (30mg, 0.068mmol, 15%). 

B. 3-[Ar-(2-Chloropyridyl-3-carbonyl)-L-ornithinyll thiazolidine hydrochloride 

3-[/\T-(ferf-Butyloxyrarbo 

(30mg, 0.068mmol) was dissolved in 4M HCI/dioxan (10mL). After 45min at room 
temperature the solvent was removed in vacuo to give a white solid identified as 1-[AT-(2- 
chloropyridyl-3-carbonyl)-L-ornithinyl]thiazolidine hydrochloride (25mg). 

[M+H] + = 342.1 



EXAMPLE 9 

S^Ar-lS-Cyano^-pyrldyO-L-lysinyllthiazolidine hydrochloride 



A. 3-(AP-(fert-Bu1yloxycarbonyl)lysinyl)thfazoHdine 

3-(A/ a -(fert-Butyloxycarbonyl)lysinyl)thiazolidine was prepared in two steps following the 
method described for the corresponding ornithine derivative in Example 5. 

B. 3-[AT-(ferf-ButyloxyMrbony^ 

S-CAP-Cfert-ButyloxycarbonyOlysinyl^hiazolidine (52mg, 0.165mmol) was dissolved in DMF 
(10mL). 6-Chloronicotinonitrile (22.8mg, 0.165mmol) and potassium carbonate (45.8mg ( 
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0.3mmol) were added. The reaction mixture was stirred at 70°C for 18 hours and the 
solvent removed in vacuo. The residue was purified by flash chromatography (eluant: 
97% chloroform, 3% methanol) to give a colourless oil identified as ^[^-(ferf- 
butyloxyc^rbonyO-AT^S^ano^-pyridyOVL-lysinyllthiazolidine (30mg, 0.067mmol, 43%). 

C. S-IAT-tS-Cyano^-pyridyO-L-lysinyllthiazolidine hydrochloride 

S-lft/^teA^ButyloxycarbonyO (30mg, 
0.067mmol) was dissolved in 4M HCI/dioxan (20mL). After 1 hour at room temperature 
the solvent was removed in vacuo to give a white solid identified as 3-[A/ C0 -(5-cyano-2- 
pyridyl))-L-Iysinyl]thiazolidine hydrochloride (24mg t 0.067mmol, 100%). 

[M+H] + = 348.2 
EXAMPLE 10 

(2S)-1-[// D -(5^ano-2-pyridyl)-L-lysinyI]pyrrolidine-2H:arbonitrile trifluoroacetate 



A. (2S)-1-[/^ferf-Butyloxycarbonyl^ 
carbonitrile 

(2S)-1-(A/ a -(fer^Butyloxycarbonyl)lysiny!)pyrrolidine-2-carbon'rtrite (150mg, 0.46mmol) was 
dissolved in DMF (10mL). 6-Chloronicotinonitrile (70mg I 0.51 mmol) and potassium 
carbonate (130mg,0.94mmol) were added. The reaction mixture was stirred at 70°C for 18 
hours and the solvent removed in vacuo. The residue was purified by flash 
chromatography (eluant: 97% chloroform, 3% .methanol) to give a colourless oil identified 
as (2S)-HA/ a -(fe/f-butyloxy(^rbonyl)-W ra -(5-cyanch2-pyridyl))-L"lysi 
carbonitrile (71 mg f 0.1 7mmol, 37%). 
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B. (2S)-1 -[Ar-(5-Cyano-2-pyridyl)-L-lysinyl]pyrrolidine-2-carbonitrile trifluoroacetate 

(2S)-1-[/v*-(fer^ButyloxycartK^nyl)-A^ 

carbonitrile (71 mg, 0.17mmol) was dissolved in 4M HCI/dioxan (20mL). After 1 hour at 
room temperature the solvent was removed in vacuo to give a white solid identified as 
(2S)-1-[AT D -(5-cyano-2-pyridyl))-L-lysinyl]pyrrolidine-2-carbonitrile hydrochloride (62mg, 

0.17mmol, 100%). 
[M+H] + = 327.1 

EXAMPLE 11 

(2S)-HAr*-(5-Trifluoromethyl-2-pyridyl^ 
trifluoroacetate 



A. (2S)-1 -[AT-(ferf^uty loxycarbonyl)-^^ 
pyrrolidine-2-carbonitrile 

(2S)-1-[/V a -(fe/f-Butyloxycarbonyl)omithinyl]pyrrolidine-2-carbonitrile (140mg, 0.45mmol) 
was dissolved in DMF (10mL). 2-Chloro-5-(trifluoromethyl)pyridine (90mg, 0.49mmol) and 
potassium carbonate (1 30mg,0.92mmol) were added. The reaction mixture was stirred at 
70°C for 18 hours and the solvent removed in vacuo. The residue was purified by flash 
chromatography (eluant: 97% chloroform, 3% methanol) to give a colourless oil identified 
as (2SH-[/\TMferf-butyloxycarbonyl)^ 
pyrrolidine-2-carbonitrile (58mg, 0.13mmol, 28%). 
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B. (2S)-1-[W D -(5-Trifluoromethyl-2-pyridyl))-L- ornrthinyOpyrrolidine-2-carbonitrile 
trifluoroacetate 

(2S)-1-[AfMferf-Butyloxyra*ontf 

2- carbonitrile (58mg, 13mmol) was dissolved in 4M HCI/dioxan (20mL). After 1 hour at 
room temperature the solvent was removed in vacuo to give a white solid identified as 
(2S)-1-[A/ ro -(54rifluoromethyl-2-pyridyl))-L-omrthinyI]pyn'olidine-2»carbonrtrile hydrochloride 
(51mg, 0.13mmol, 100%). 

[M+H] + = 356.2 
EXAMPLE 12 

3- I/sr-(2-Quinolinylmethy!)-L-Iysinyl]thiazoIidine hydrochloride 



A. 3-[AF-(ferf-Butyloxycarbony^ 

S-I^ferf-Butyloxycarbon^lysinyllthiazolidine (100mg, 0.32mmol) was dissolved in 
methanol (10mL). 2-Quinolinecarboxaldehyde (61mg, 0.39mmol) was added. After 1 
hour sodium acetoxyborohydride (138mg, 0.65mmol) was added. The reaction mixture 
was stirred at room temperature for 18 hours and the solvent removed in vacuo. The 
residue was purified by flash chromatography (eluant: 93% chloroform, 7% methanol) to 
give a colourless oil identified as 3-[/^fert-butyloxyc*rbonyl^ 
lysinyl]thiazolidine (38mg, 0.083mmol, 26%). 

B. 3-[Ar-(2-Quinolinylmethyl)-L-lysinyl]thiazolidine hydrochloride 

3-tA/ a -(ferf-ButyloxyrarbonyI)-A/ m -(2-quinoIinylmethyl)-L-lysinyI]t^ (38mg, 
0.083mmol) was dissolved in 4M HCI/dioxan (20mL). After 1 hour at room temperature 
the solvent was removed in vacuo to give a white solid identified as 3-[A/ t0 -(2- 
quino!inylmethyl)-L-lysinyl]thiazolidine hydrochloride (31 mg, 0.078mmol, 94%). 



H 




H 2 N 
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[M+H] + = 358.2 



EXAMPLE 13 

3-[AT-(2-Quinolinylmethyl)-L-ornithinyl]thiazolidine hydrochloride 




W x 6 

A. 3-[AT-(ferf-Butyloxycarbonyl)-/^-(2K|uinolinylmethyl)-L-omith 

S-JA^^ferf-ButyloxycarbonylJornithinylJthiazolidine (98mg, 0.33mmol) was dissolved in 
methanol (10mL). 2-QuinolinecarboxaIdehyde (52mg, 0.33mmol) was added. After 1 
hour sodium acetoxyborohydride (119mg, 0.56mmol) was added. The reaction mixture 
was stirred at room temperature for 1 8 hours and the solvent removed in vacuo. The 
residue was purified by flash chromatography (eluant: 93% chloroform, 7% methanol) to 
give a colourless oil identified as 3-[AT-(ferf-butyloxycarbonyI)-Ar-(2-quinolinylmethyl>L- 
ornithinyl]thiazoIidine (45mg, O.IOmmol, 36%). 

B. 3-[AT-{2-Quinolinylmethyl)-L-omrthinyl]thiazolidine hydrochloride 

S-fWMfe^Butyloxycarbonyl^ (45mg t 
O.lmmol) was dissolved in 4M HCI/dioxan (20mL). After 1 hour at room temperature the 
solvent was removed in vacuo to give a white solid identified as 3-[/\/ tD -(2-quinolinylmethyl)- 
L-omfthinyOthiazolidine hydrochloride (38mg, 0.098mmol, 98%). 

[M+H] + = 345.2 
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EXAMPLE 14 

3-[AP-(2-QuinoxaloyI)-L-lysinyl]thia2olidine hydrochloride 




A. S-IAP-tterf-Butyloxyca^ 

^^-(ferf-ButyloxycarbonyOiysinyOthiazolidine (128mg, 0.4mmol) was dissolved in CH 2 CI 2 
(10mL). 2-Quinoxaloyl chloride (85mg, 0.44mmol) and potassium carbonate (45.8mg f 
0.3mmol) were added. The reaction mixture was stirred at room temperature for 18 hours 
and the solvent removed in vacuo. The residue was purified by flash chromatography 
(eluant: 99.5% chloroform, 0.5% methanol) to give a colourless oil identified as ^[^-(tert- 
butyloxycarbonyl)-Ar-(2-quinoxaloyl)-L-lysinyllthiazolidine (140mg, 0.296mmol, 74%). 

B. 3-[Ar-(2-Quinoxaloyl)-L-lysinyl]thiazolidine hydrochloride 

3-[AF-(feA^Butytoxycarbonyl)-^ (1 40mg, 0.296mmol) 

was dissolved in 4M HCI/dioxan (20mL). After 1 hour at room temperature the solvent 
was removed in vacuo to give a white solid identified as 3-[AP-(2-quinoxa!oyl)-L- 
lysinyljthiazolidine hydrochloride (128mg, 0.296mmol, 100%). 

[M+H] + = 374.2 

The Examples set out in the following Tables were prepared by analogous methods to the 
above. 
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EXAMPLE 121 

Determination of activity in vitro 

Compounds were assayed as inhibitors of DP-IV according to the methods described in 
WO95/15309. All the compounds described in the foregoing Examples were competitive 
inhibitors of DP-IV with Ki values less than 300nM. 

EXAMPLE 122 

Determination of activity in vivo 

The anti-diabetic action of selected compounds was demonstrated in Zucker obese rats 
using a standard oral glucose tolerance test. Control rats were given a solution of glucose 
by oral gavage, and plasma glucose levels were determined. These rats demonstrated a 
significant hyperglycaemia. Compounds according to the present invention were 
dissolved in glucose solution at various concentrations, such that the rats could be given 
varying doses of the compound simultaneously with the glucose challenge. The 
hyperglycemic excursion was reduced in a dose-dependent manner in animals receiving 
between 0.1 and 100 mg/kg of DP-IV inhibitor. 



EXAMPLE 123 
Pharmaceutical formulation 

Tablets containing 100mg of the compound of Example 1 as the active agent are prepared 
from the following: 
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Compound of Example 1 
Corn starch 

Hydroxypropylcellulose 
Carboxymethylcellulose calcium 
Magnesium stearate 
Lactose 



200.0g 
71 .0g 
18.0g 
13.0g 
3.0g 

195.0g 



Total 



500.0g 



The materials are blended and then pressed to give 2000 tablets of 250mg, each 
containing lOOmg of the compound of Example 1. 

The above demonstrates that the compounds according to the present invention are 
inhibitors of DP-IV in vitro and effective anti-hyperglycaemic agents in vivo. They would 
accordingly be expected to be useful as therapeutic agents for the treatment of impaired 
glucose tolerance, type II diabetes, and other diseases where inhibition of this enzyme 
leads to an improvement in the underlying pathology or the symptoms. 

The present invention is further defined in the following Claims. 



39 



WO 01/81337 



PCT/GB01/01875 



CLAIMS 

1 A compound selected from derivatives of formula 1, tautomers and stereoisomers 
thereof, and pharmaceutical^ acceptable salts of said derivatives, tautomers and 
isomers 




wherein: 

R 1 is either a hydrogen atom or a nitrile group; 

X 1 is selected from a sulphur atom, an oxygen atom, a sulphonyl group and a 
methylene group; 

X 2 is a carbonyl group, a methylene group or a covalent bond; 
Het is an aromatic nitrogen-containing heterocycle selected from pyridyl, pyridazinyl, 
pyrimidinyl, pyrazinyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl 
and benz-fused analogues thereof, all of which may optionally be substituted on one 
or more carbon atoms, and where the substituents are selected from Ci-Ce alky!, 
hydroxy, C^-Cs alkyloxy, amino, d-C 6 alkylamino, dKCi-Cs alkyl)amino t fluoro, 
chloro, bromo, trifluoromethyl, nitro, cyano, carboxy and C^Ce alkyloxycarbonyl 
groups; and 
n is 1 - 5. 

2 A compound according to Claim 1 wherein R 1 is a nitrile group. 

3 A compound according to Claim wherein the stereochemistry of the nitrile group is 
as shown in formula 2 




2 
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4 A compound according to Claim 1 or 2 wherein the stereochemistry of the centre 
adjacent to the primary amine is of the S configuration as shown in formula 3 



Het 




5 A compound according to Claim 4 wherein R 1 is a nitrile group and the 
stereochemistry of the nitrile group is as shown in formula 4 



X 2 

"Hef ^NH 




6 A compound according to any preceding Claim wherein X 1 is selected from a 
sulphur atom and a methylene group. 

7 A compound according to any preceding Claim wherein n is 3 or 4. 

8 A compound according to any preceding Claim selected from: 
(ZSJ-l-I^^Pyrazinyl^-carbonyO-L-ornithinylJpyrrolidine^-carbonitrile, 

(2S)-1-[A/ t0 -(Pyrazinyl-2-carbonyl)-L-lysinyl]pyrrolidine-2-carbonitrile, 

(2S)-1-[(2 , S)-2 , -Amino-4'-(pyrazinyl-2"-carbonylamino)butanoyl]pyrrolidine-2- 
carbonitrile, 

(4R)-3-[A/ <0 -(Pyra2inyl-2-carbonyl)-Hysinyi]thiazolidine-4-carbonitrile, 
l-IAT^Pyrazinyl^-carbonylJ-L-ornithinylJpyrrolidine, 
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3-[A/ f,) -(2-Chloropyridyl-3-carbonyl)-L-omithinyl]thiazolidine, 
l-[A/" > -(2-Chloropyriclyl-3-carbonyl)-L-ornithinyl]pyrrolidine, 
(2S)-HAT-(2-Chloropyridyl-3^ 
3-[N w -(Pyrazinyl-2-carbonyi)-L-ornithiny!]thiazolidine, 
3-[Ar-(5-Cyano-2-pyridyl)-L-Iysinyl]thiazolidine t 
(2S)-1-[A/ td -(5-Cyano-2-pyridyl)-L-lysinyl]pyrro!idine-2-carbonitrile ( 
(2S)-1^Ar-(5-Trifluoromethyl-2-pyridyl)-L-omithinyl]pyrrolidine-2-c^ 
3-[A/ Q> -(2-Quinolinylmethyl)-L-lysinyl]thiazolidine, 
S-t/^^-QuinolinylmethyO-L-ornithinyllthiazolidine, 
3-[A/ tB -(2-Quinoxaloyl)-L-!ysinyl]thiazoIidine, 

3-[AT-(2-Quinoxaloyl)-L-ornithinyl]thiazolidine, 
(2S)-1-[A/ M -(2-Quinoxaloyl)-L--orriithinyl]pyrrolidine-2-carbonitriie I 

3-[AT-(6-Methylpyrazinyl-2-carbonyl)-L-ornithinyl]thiazolidine 1 

S-lAT^Isoquinoline-S-carbonylJ-L-ornithinyllthiazoiidine, and 

3-[/V t,) -(6-Trifluoromethylnicotinoyl)-L-ornithinyl]thiazolidine. 

9 A pharmaceutical composition for human therapeutic use comprising at least one 
compound according to any preceding Claim. 

10 A composition according to Claim 9 for the treatment of type 2 diabetes or impaired 
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glucose tolerance. 

1 1 A composition according to Claim 9 for the treatment of growth hormone deficiency 
or polycystic ovary syndrome. 

12 A composition according to Claim 9 for the treatment of auto-immune or 
inflammatory disease. 

13 The use of a compound according to any of Claims 1 to 8 for the preparation of a 
pharmaceutical composition for the treatment of at least one of type 2 diabetes, 
impaired glucose tolerance, growth hormone deficiency, polycystic ovary syndrome, 
and auto-immune and inflammatory diseases. 

14 The use of a compound according to any of Claims 1 to 8 for the treatment of at 
least one of type 2 diabetes, impaired glucose tolerance, growth hormone 
deficiency, polycystic ovary syndrome, and auto-immune and inflammatory 
diseases. 

15 A method of treatment of at least one of type 2 diabetes, impaired glucose 
tolerance, growth hormone deficiency, polycystic ovary syndrome, and auto-immune 
and inflammatory diseases, which comprises the administration to a patient in need 
of such treatment of a therapeutically effective amount of a compound according to 
any of Claims 1 to 8. 
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